Immunoelectron microscopy using a colloidal gold-antibody method with anti-rat GH serum demonstrated three morphologically different types of GH cells in the rat anterior pituitary. They were distinguished as Types I, II and III GH cells, containing only large secretory granules about 350 nm in diameter, mixed large and small granules, and only small granules about 150 nm in diameter, respectively. Double gold labeling with large gold particles for GH and small particles for PRL or ACTH indicated that neither GH and PRL nor GH and ACTH were contained in the same cell.
Summary.
Immunoelectron microscopy using a colloidal gold-antibody method with anti-rat GH serum demonstrated three morphologically different types of GH cells in the rat anterior pituitary. They were distinguished as Types I, II and III GH cells, containing only large secretory granules about 350 nm in diameter, mixed large and small granules, and only small granules about 150 nm in diameter, respectively. Double gold labeling with large gold particles for GH and small particles for PRL or ACTH indicated that neither GH and PRL nor GH and ACTH were contained in the same cell.
In adult male rats, Type I cells (68%) predominated over Type II (220), while Type III cells were rare (9.70).
On the contrary, in the adult female rats, Type II cells (470) slightly dominated over Type I (44%) though the rate of Type III cells was the same as in the male. In neonatal infants, the frequency of occurrence of Type III cells was as high as about 20%; sex differences between Types I and II were indistinct.
The Type III cells were therefore thought to represent an immature type.
Through the comparison of light and electron microscopic images of the anterior pituitary gland, the fine structures of acidophils, which were thought to produce growth hormone (GH), were easily characterized as containing large round secretory granules about 350 nm in diameter.
Among the acidophil cells of the anterior pituitary, a different type was noticed. It contained rather irregularly shaped large granules, besides the round granule-containing GH cells. HEDINGER and FARQUHAR (1957) identified these irregular granule cells as prolactin (PRL)-secreting cells, and round granule cells as GH-secreting cells. Recent advances in immunocytochemistry have succeeded in showing other additional cell types to be PRL cells that contain either medium-sized round granules (150-250 nm) or very small round granules (100-150 nm) (NOGAMI and YOSHIMURA, 1980; HARIGAYA et al., 1983; KOYAMA,1985) .
On the other hand, it has been known that GH-producing cells also consist of two cell types, one containing only large round granules about 350 nm, and the second type a mixture of large round granules of the same size as above in addition to small round granules about 150 nm in diameter (KURosuMI,1968) . Because the larger granules contained in the second type cells resembled the granules of the first type (classical GH cell), both cell types were thought to be similar in function. YosHIMURA et al. (1973 YosHIMURA et al. ( , 1974 described three types of acidophiles, two of which were the same as those described by us (KuRosuMI,1968) . The remaining type was a cell containing small granules only; the authors argued that this type of cell might produce ACTH instead of GH (YOSHIMURA et al., 1974) . Immunoelectron microscopy by a colloidal gold-antibody method was used for this research, allowing GH-immunoreactive cells of the rat anterior pituitary to be classified into three types: two are identical to the previously reported two types of GH cells (KuRosuMI, 1968) , and the third type consists of cells containing only small granules about 150 nm in diameter.
This cell type contains GH but not ACTH, contrary to speculation by YosHIMURA et al. (1974) . The immunocytochemical relationship between GH and PRL was also examined.
MATERIALS AND METHODS
Male and female rats of the Wistar strain, aged one day and 5 days, and also adults weighing 250-300 g, were used for this study. These animals were killed by sudden decapitation and their pituitary glands were removed. The anterior lobe was separated from the remainder, cut into about 1 mm pieces and immersed in a fixative of 2.5% glutaraldehyde in 1/15 M phosphate buffer at pH 7.4 for 3 hr, and then in 1 % osmium tetroxide with the same buffer containing 7 % sucrose for 1 hr. After this fixation, the specimens were dehydrated through an ascending series of concentrations of ethanol. They were embedded in a mixture of Epon 812 and Araldite. Ultrathin sections were cut with an ultramicrotome Porter-Blum MT-2B, and were processed for immunocytochemical procedures. Three kinds of primary antibodies were used for immunoelectron microscopy : anti-GH, anti-PRL and anti-ACTH.
Antibodies against rat GH and rat PRL were generously presented by Dr. A. F. PARLOW of NIAMDD, Rat Pituitary Hormone Distribution Program.
Anti-porcine ACTH was raised at the authors' laboratory. Anti-rat GH was made by immunization of monkeys; other antibodies were raised in rabbits.
Immunocytochemical procedures used on the ultrathin sections were as follows: 1) The sections were treated with 3% hydrogen peroxide for 20-25 min; 2) rinsed with distilled water and phosphate-buffered saline (PBS); 3) treated with normal goat serum for 1-2 hr; 4) incubated with monkey anti-rat GH (1:10,000) overnight; 5) rinsed with PBS; 6) incubated with the colloidal gold (15 nm)-labeled anti-monkey IgG (1:50) for 2-3 hr; 7) rinse with PBS and then with distilled water; and finally 8) stained with uranyl acetate and lead citrate.
For double labeling with anti-GH and anti-PRL or anti-GH and anti-ACTH, two primary antibodies were mixed: monkey anti-rat GH (1:10,000) and rabbit anti-rat PRL (1:500) at a ratio of 1:1 or 1:3; monkey anti-rat GH (1:10,000) and rabbit anti-ACTH (1:1,000) at a ratio of 1:1. The second antibodies labeled with colloidal gold were also mixed: goat anti-monkey IgG with colloidal gold (particle size 21 nm) and goat anti-rabbit IgG with gold (15 nm). The results were that GH was labeled with large gold particles (21 nm) and PRL or ACTH with small gold particles (15 nm). The secondary antibodies against either monkey IgG or rabbit IgG were raised in goat and bound with colloidal gold in the authors' institute. The electron microscope used for observation was a JEM 1200EX at 80 kV accelerating potential, and micrographs were taken at 6,000-15,000 times magnification were enlarged photographically as desired. Cells labeled with GH are reacted, but are not uniform in morphology, especially the size of secretory granules.
They are classified into three types as labeled in figure (GH I, II, III).
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RESULTS
Immunoelectron microscopy demonstrated three different morphological types of GH cells in the anterior pituitary glands of adult rats in both sexes. These three types of GH cells all reacted intensely with anti-rat GH serum. They are different in ultrastructure, especially in size of secretory granules (Fig. 1) .
Type I cells have been known since the earliest works in electron microscopy of the rat anterior pituitary (HEDINGER and FARQUHAR, 1957) , and contain large secretory granules about 350 nm in diameter.
Type II cells were also known in relatively early studies (KuROSUMi, 1968) , and are characterized by a mix of two kinds of secretory granules, one large and the other small. Type III GH cells are newly discovered and contain only small secretory granules about 150-200 nm in diameter (Fig. 1 plasm. There is a tendency for the granules to show a preferable distribution to the peripheral part of the cytoplasm, because the perinuclear part is occupied by cell organelles such as mitochondria and dilated cisternae of rough endoplasmic reticulum (ER) (Fig. 1) . If a number of moderately dilated cisternae of rough ER are scattered throughout the cytoplasm, secretory granules may avoid these areas occupied by these cisternae. Therefore, the distribution of granules is spotty (Fig. 2) . The parallel arrangement of lamellated cisternae of rough ER in the type I GH cells is rather rare, but this may occur in cells with a few secretory granules, especially in the pituitary of infant rats.
Mitochondria of this cell type are relatively large and scattered among the ER cisternae.
A Golgi apparatus is occasionally observed near the nucleus. Several smooth cisternae form the Golgi apparatus, being closely gathered and sometimes appearing as parallel lamellae.
Secretory granules characterize this cell type. Most of them are about 350 nm in average diameter, ranging in size from 200 to 500 nm. A few small profiles less than 200 nm were observed, but most of such small granules were ill-defined, and conjectured to be tangential sections of much larger granules. The secretory granules are strongly reacted with anti-GH serum as shown with colloidal gold particles which are specifically seen on the granules and in their vicinity (inset).
x 12,000, inset: x 33,000 The Type II cell contains mixed large and small granules, but the Type III cells contain a large number of small granules only. The cytoplasm just surrounding the nucleus is devoid of granules and contains ER and mitochondria. The inset shows a part of both Type II and III cells adjacent to each other, indicating that the Type II cell contains slightly larger granules. x 9,000, inset: x 20,000
Type II GH cells
This type is characterized by the presence of two different populations of secretory granules, one as large as those of the Type I cells, and the other small granules almost the same as those of Type III cells. They are almost evenly mixed in proportion to each other. Some of the small granules of this type are also ill-defined and suggestive of tangential sections of large granules, but there are evidently well-defined small granules which are genuinely small and the section traversed through the center of each granule. The large granules and small granules found in the Type II cells resemble those of Type I cells and those of Type III cells, respectively.
The mixture of these two groups of granules with different sizes in the Type II cells may suggest that this cell type is an intermediate type between Types I and III of GH cells. However, the ultrastructure of cell organelles of the Type II cell is slightly different from that of the Type I cell. The perinuclear cytoplasm is usually devoid of secretory granules, and contains mitochondria and rough ER (Fig. 3, 4) . The mitochondria are of moderate size and are not as swollen as those of Type I cells. The cisternae of rough ER are mostly collapsed, and are often arranged parallel to each other (Fig. 3,  4) . The elements of the Golgi apparatus may be separated into several parts which are included within the perinuclear cytoplasm (Fig. 4) .
Type III GH cells
The third type of immunoreactive GH cell containing only small secretory granules is rather rare in the anterior pituitary of the adult rats. Most cells of this type are also small in cell volume as well as the size of granules. The cell outline is sometimes stellate, and irregular short processes filled with secretory granules are observed (Fig. 4) , but in some other cases cells of this type are rather smooth in outline and oval or polygonal in shape without processes. The size of granules is almost uniform, about 150-200 nm in diameter, but the number of granules contained in a given cell is variable, e,g., ample granules are usually observed in Type III cells of the adult rat pituitary, but those of infant rats often contain a small amount of cytoplasm with a few secretory granules.
The rough ER are often vesiculated and round cisternae are seen among the secretory granules and also in the perinuclear clear zone without granules (Fig. 4) , but a few Type III cells with collapsed cisternae were also observed.
Mitochondria are similar to those of Type II cells. The Golgi apparatus is moderate in dimension and contained in the perinuclear cytoplasm.
From the stance of the development of cell organelles, this cell type is considered to have an active secretory function.
II. Relationship of GH cells with PRL and ACTH immunoreactivity
Small granule-containing GH cells described above as Type III cells are very similar in morphology to one of the PRL secreting cells which are called Type II PRL cells (KOYAMA, 1985) , both having small round secretory granules.
Therefore, it is necessary to compare the GH cells and PRL cells both identified by immunoelectron microscopy. In some mammalian species other than the rat, the coexistence of GH and PRL in the same cell or in the same granule has been reported (FUMAGALLI and ZANINI, 1985) . Is such the case also in the rat? For the resolution of this question, the anterior pituitary of the rat must be examined by the double labeling immunoelectron microscopy of GH and PRL. YOSHIMURA and his coauthors (1974) argued that small granule acidophils might secrete ACTH, and also small granules in the GH cell which contained mixed large and small granules might contain ACTH (IsHIKAwA et al., 1972) . For the resolution of this problem, the double labeling immunoelectron microscopy with GH and ACTH antibodies is also needed. (HARIGAYA et al., 1983; NOGAMI, 1984; KOYAMA, 1985) . and characterized by the presence of secretory granules with large irregular polymorphic shapes. In Figure 5 , a Type I PRL cell immunocytochemically indicated with small gold particles is seen adjacent to a Type I GH cell labeled with large particles. One or two large particles may be seen in the granules of the PRL cell, but such an occurrence is very low in frequency; furthermore, one or two small particles are seen on the granules of the GH cell. Such non-specific labeling may also appear on some structures of the cytoplasm other than the specific secretory granules or even in the extracellular space (Fig. 6) .
Another type of PRL cell, the Type II PRL cell, is demonstrated in Figure 6 . This is the main type of PRL cell in male adult rats. The size of secretory granules of this type is 150-250 nm in diameter, but sometimes much larger granules may be intermingled (Fig. 6) . Because the size of this Type II PRL cell is close to that of the Type III GH cell, it is necessary to compare these two types of anterior pituitary cells.
Three cells, two of which were labeled with anti-GH serum and the remainder with anti-PRL serum, are illustrated in Figure 7 . The Type II PRL cell and Type III GH cell are very similar in shape and size of granules.
Only the size of the gold particles immunolabeling the GH by large particles and PRL by small particles can distinguish these cells accurately, showing different kinds of hormones. Therefore, some pituitary cells which are impossible to differentiate from each other by pure morphological criteria can be distinguished only by immunocytochemical reaction (Fig. 7) . However, very remarkable morphological characteristics such as irregularly polymorphic granules of Type I PRL cells, and large spherical dense granules of Types I and II GH cells are clearly reliable criteria for cell identification, as these cells may be identified without the aid of immunocytochemical techniques.
Results of double labeling with antibodies against G11 and ACTH
Similar to the former experiment, large gold particles indicate GH and small particles indicate ACTH immunoreactivity. Two types of ACTH cells have been reported elsewhere (KuRosuMi et al., 1983 (KuRosuMi et al., , 1984 TANAKA and KUROSUMI, 1986) . Also in this experiment, secretory granules of both types of ACTH cells reacted as labeled with small gold particles.
In Figure 8 , a Type II or typical ACTH cell is illustrated. This cell is characterized by its stellate form of cell body and peripheral arrangement of secretory granules.
Most of the secretory granules reacted with anti-ACTH serum as shown with small gold particles.
The adjacent cell is a Type II GH cell containing large and small secretory granules, both of which evidently reacted with large gold particles showing the immunoreactivity of GH, but no reaction to ACTH (small gold particle) was demonstrated in this cell (Fig. 8) . It is apparent that the coexistence of GH and ACTH in the same cell cannot be shown as far as normal adult rats of both sexes are concerned.
III. Frequence of occurrence of each type of GH cell
Not only adult male and female rats but also infant rats of both sexes were observed either immediately or a few days after birth, using immunoelectron microscopy. The Young rats aged 5 days after birth showed the same sexual differences as far as Types I and II GH cells were concerned.
A noteworthy finding in the young rats was the increase of the occurrence of Type III cells (about 15%1). Neonatal rats one day 
DISCUSSION
Large numbers of immunocytochemical research at the electron microscopic level on GH-containing cells in the anterior pituitaries of a variety of mammals have been published, i.e., in the human (TANI et al., 1969; DUELLO and HALMI,1979; GUYDA et al., 1973; LI et al., 1977) , rat (NAKANE,1970; YOSHIMURA et al., 1980) , guinea pig (BEAU VILLAIN et al., 1977) , cow (DACHEUR and DUBOIS, 1976; FUMAGALLI and ZANINI, 1985) , sheep (PARRY et al., 1978; 1979) , pig (DACHEUX, 1980 (DACHEUX, , 1984 and white-tailed deer (ScHULTE et al., 1981) . Most of these studies used either immunoenzyme electron microscopy (peroxidaseantibody method) or comparisons between results of light microscopic immunohistochemistry by peroxidase-antibody method and ordinary electron microscopy of adjacent thin sections, excepting one paper which used a ferritin-antibody method for the human pituitary (TANI et al., 1969) and another paper using a protein A-gold method on the cow pituitary by FUMAGALLI and ZANINI (1985) . We used colloidal gold bound to the second antibody but not with protein A for this study of rat GH cells, a procedure which to our knowledge has not been reported elsewhere.
In a short report written in Japanese, YOSHIMURA and his coworkers (1980) described three types of GH cells in the rat anterior pituitary as the result of comparative light and electron microscopy :1) large granule-containing round cells; 2) round or oval cells containing mixed large and small granules; and 3) large granule-containing elongate cells. The first and second types of YosHIMURA's GH cells correspond to Types I and II of our present research, but our Type III cells that contain only small granules were not indicated by YosHIMURA et al. (1980) as one of the GH cells. Several years before, the same authors (YosHIMURA et al., 1974) proposed a classification of acidophils into three types by the pure morphological technique without use of immunocytochemistry, namely: 1) large granule-containing acidophils; 2) acidophils containing mixed large granules and small granules; and 3) small granule-containing acidophils.
They argued that the former two types might secrete GH, and considered that the last type may contain ACTH. The question of whether the ACTH cells belong to acidophils or basophils is another problem, but here YOSHIMURA et al. (1974) did not suggest a type of GH cells containing small-sized granules alone.
Before immunocytochemistry was introduced to the research field of the anterior pituitary, the two types of rat GH cells, meaning those cells containing only large granules and those containing both large and small granules suggested (KUROSUMI, 1968) , but the third type of GH cell here called Type III cells, containg only small secretory granules, were discovered exclusively by immunoelectron microscopy. For this reason, no report on this cell type has been previously published.
In the present study it was noticed that the small granule GH cells (Type III) are very few in the adult (about 9%) but much more numerous in the neonatal rats (about 20%). This result may indicate that the small granule cells are an immature type. In the fetal pig pituitary, DAcHEUX (1984) demonstrated an increase in the size of GH granules in the course of fetal life, that is 300 nm at days 40-45 of gestation, and a (NOGAMI, 1984; KOYAMA, 1985; HARIGAYA and HosHINO, 1985) , gonadotrophs (TIXIER-VIDAL et al., 1975) and TSH cells (YosHIMURA et al., 1982) . It is possible that small granule cells with ACTH immunoreactivity may occur in the fetal and neonatal rat anterior pituitary (unpublished observation in the authors' laboratory). Therefore, the small size of the secretory granules may characterize the immature form of every type of anterior pituitary as far as rats are concerned.
As shown in Table 1 of this paper, a marked sex difference was observed in the frequency of occurrence of Types I and II GH cells; that is Type I is predominant over Type II in males, whereas they have almost the same frequency of occurrence in females. This sex def f erence is less prominent in young animals, and almost no difference was observed in neonates at 1 day after birth.
It is well known that the PRL cells show a much more remarkable sex difference (HARIGAYA et al., 1983; NOGAMI,1984; KOYAMA,1985) . The tendency for sex difference among GH cells is the reverse of that of PRL cells; namely, in GH cells, the large granular type is predominant in males, but the large (polymorphic) granular type is extremely prominent in female PRL cells. Estrogen plays a role in inducing PRL cells to become a feminine type through the development of Type I PRL cells with large polymorphic granules (KOYAMA, 1985) . The factor that induces the sex differences in GH cells remains unknown.
The coexistence of GH and PRL in the same cell or in the same granule has been reported by some authors. IsHIKAwA and his coworkers (1983) reported the coexistence of GH and PRL in the same granule of human pituitary adenoma cells through immunoelectron microscopic tests (peroxidase-antibody method) on the two adjacent thin sections reacted with anti-GH and anti-PRL respectively.
In the cow anterior pituitary, FUMAGALLI and ZANINI (1985) demonstrated the so-called somatomammotroph, a kind of mixed cell, in which localization of GH and PRL was demonstrated by double labeling protein A-gold method using different sized gold particles for two hormones. They reported three different modes of coexistence for two hormones, that is: 1) in different granules in the same cell; 2) in the granules segregated in different portions of the granule content; and 3) evenly intermixed in the same granules.
In the present study, however, no evident coexistence of PRL and GH in the same granule or in the same cell of the rat anterior pituitary was demonstrated by the double labeling of GH and PRL with a technique similar to these authors.
In the case of the cow pituitary, the so-called somatomammotropic cells were reported to be multinucleated, and appeared in the central area of the lobules. A possibility of the fusion of PRL cells and GH cells either in vivo or postmortem during the course of preparation cannot be excluded.
However, both PRL and GH are simple protein hormones, and cells secreting PRL or GH are similar in some points of morphology, as both are acidophils.
Therefore, the simultaneous production of these two hormones may occur in the same cell, and GH cells may transform into PRL cells under certain conditions in the animal such as after estrogen treatment, as reported by STRATMANN et al. (1974) . At the intermediate stage of such a transformation, the coexistence of GH and PRL may very likely occur. Though under normal conditions the rat pituitary shows no coexistence of GH and PRL, it is possible that the coexistence may occur under certain abnormal or pathological conditions. These will be studied more in the near future.
The small granule type of PRL cells in the rat pituitary with small round granules about 200 nm was first reported by NoGAMI and YosHIMURA (1980) , and named the Type II PRL cell by NoGAMI (1984) and KoYAMA (1985) . The PRL cells with much smaller granules (100-150 nm) were found later, and called either Type I by NoGAMI and YosHIMURA (1982) and NoGAMI (1984) or Type III by KoYAMA (1985) . The Type II PRL cell is very similar to the Type III GH cell reported here in regard to the size and shape of its secretory granules, as well as their ultrastructure.
But these two types of anterior pituitary cells (probably both acidophils) are clearly different in immunocytochemical reaction, as one reacts with anti-PRL and the other with anti-GH, as shown in this report (Fig. 7) . These two cell types can be distinguished only by immunocytochemical techniques.
Because no coexistence of PRL and GH was observed in rat pituitary, these two ultrastructurally confusing cell types can be clearly distinguished by immunoelectron microscopy, especially with a double labeling method. IsHIKAWA et al. (1972) separated free granules from isolated acidophils and showed that large granules contained GH, while small granules contained ACTH. HARUMIYA (1972) reported a type of acidophil containing small granules alone, and for this cell YosHIMURA et al. (1974) ascribed the production of ACTH. But these authors of YosHIMURA's school did not prove the localization of hormones by immunocytochemistry at that time. Later they used the technique of comparing adjacent thin and thick sections, the former being processed for electron microscopy and the latter for light microscopic immunohistochemistry.
Though they did show the immunoreactive GH cells, they did not demonstrate the cell containing small secretory granules alone (YOSHIMURA et al., 1980) . We observed ACTH-containing cells by immunoelectron microscopy and showed two different types and an intermediate between them (KuRosuMI et al., 1983 (KuRosuMI et al., , 1984 . When we used the double labeling method for GH and ACTH using colloidal gold particles of two different sizes, the two types of ACTH cells previously reported were both positive to anti-ACTH labeling, and no coexistence of ACTH and GH was observed. Small granule GH cells (Type III) as well as small granules in the mixed granule type (Type II) were reactive to anti-GH but not to anti-ACTH.
Though YOSHIMURA and his coworkers argued that ACTH cells might be one of the acidophils (YosHIMuRA et al., 1974) , both light and electron microscopic histochemistry demonstrated that ACTH cells contain glycoprotein which is similar to the hormones of basophils (gonadotrophs and thyrotrophs). BowIE et al. (1974) demonstrated the immunoreactive ACTH cells to be positive to PAS reaction, and INouE and KURosuMI (1980) showed that the granules of ACTH cells were positive to the concanavalin A-iron dextran reaction to polysaccharides and glycoproteins.
By light microscopy SIPERSTEIN (1963) showed that ACTH cells were one of the chromophobes and not reactive to PAS staining.
It may be concluded that the ACTH cells seem to be neither related to GH cells nor acidophilic (simple protein-secreting), as shown after both immunocytochemistry and ordinary cyto(histo)chemistry. 
